ABSTRACT
Introduction
Seed storage proteins as genetic markers have been widely used to assess variation in cereal populations, landraces and varieties (6) . As these proteins are direct gene products, relatively free of environmental effects, they can provide either independently or in addition to other analyses, a reasonably accurate measure of genetic diversity (4) . That is the reason seed protein electrophoresis to be used by ICC (2) and ISO (1) for identification of wheat varieties and grain-legumes (1, 3) .
Seed proteins were empirically classified many years ago by Osborn (9) based on theirs solubility. A more recent classification divides these proteins in three categories: storage, structural and biologically active (8) . The genetic purity both within individual crop variety and between compared varieties is imperative for protection through Plant Variety Protection Low by UPOV (13, 15,) . For that purpose seed storage protein electrophoresis is practically accepted as a rapid, simple and efficient method.
Tobacco is known as an economic crop. There are many tobacco varieties and landraces and the number of new varieties in the world steadily increases. Tobacco seeds are rather different than grain or grain-legume seeds. They are very small (1g contains 10 000 to 18 000 seeds), with a high lipid content of 37-45 %. The protein content of tobacco seed is 23-28 % and most of them are globulins (5) . In evaluation of four tobacco varieties by capillary electrophoresis of alcohol-soluble proteins was found that each variety posses a unique protein profile (5). In the same paper is discussed a previous experience for tobacco proteins extracted with 70 % ethanol and separated by PAGE and by SDS-PAGE. The results are not shown but the authors suggested that close related varieties did not distinct by this technique. However little is known for separation of tobacco proteins by acid electrophoresis.
Actually no prior research has been reported on acid PAGE of proteins in tobacco seeds as well if this approach could be used in plant breeding. This paper describes an attempt for separation of alcohol soluble seed proteins by slab gel electrophoresis for identification of tobacco varieties from Bulgaria. (12) . The gel concentration is optimized to 14 % after comparing protein patterns developed in different gels: 7 %, 10 %, 12 %, 14 % and 16 %. The electrophoresis is performed on a Consort Vertical Unit (1mm thin slab). The protein spectra are developed after staining the gels in solution of 33 % 3-chloroacetic acid with Coomasie Blue R250 ® . Documentation of electrophoregrams is carried out by direct scanning of the gels (Epson ® GT 7000 color image scanner). The data is collected in electronic format (jpg-files).
Materials and Methods

Germplasm
Results and Discussion
The observed protein patters are oriented from positive (anode) to negative (cathode) pole in the electrical field (Fig. 1) . In total 33 bands are resolved in the gel after separation of alcohol soluble protein extracts. Two replicates of each seed accession are used to illustrate the repeatability of developed protein profiles. The close genotypes Djebel 576 (1-1) and Djebel 576 (1-2) are placed in four successive gel slots (Fig. 1,  positions 3, 4, 5 and 6 respectively) .
The alcohol soluble proteins are divided in four groups of components (Fig. 1) . The group of bands are described according to the relative mobility from start position like: A -low mobility bands (LMB); Bmiddle mobility bands (MMB); C -high mobility bands (HMB); D -fast bands (FB). As known in the earlier studies of alcohol soluble proteins in wheat -gliadins Jones at al (7) classified them into four groups by distinct peaks in free or moving boundary electrophoresis. Later the deviation of gliadins in four groups according to their relative mobility was accepted by other workers (3, 15, 9) . Four group of bands for identification of barley varieties by hordein patterns were described both by acid PAGE and by SDS-PAGE (11, 14) . The common between both fractions is that hordein as well gliadin polypeptides belong to the group of alcohol soluble seed proteins. Obviously the same reason is observed in our study when alcohol soluble proteins of tobacco seeds -globulins are separated by acid PAGE in four fractions.
All types of bands are observed: dense, medium, light and weak. The polymorphism of protein banding groups is described depending on the number and shape of bands. LMB-group consists of 5 to 7 bands, MBB-group of 10 to 12 bands, HMB-group of 9 to 11 bands and FB-group of 3 bands (Fig. 2) .
Different type of pattern configuration is presented in each protein group. Group A consists of three types which contains one to three dense bands. The other LMB are medium or light. Group B could be divided in two subgroups B1 and B2, where the profile of B2 seems to be identical for all tobacco varieties. The B1 subgroup is described as a high polymorph in relation to all groups observed in alcohol soluble proteins of tobacco seeds. Six types of banding are observed which differ by density and mobility of protein components. The number of dense bands vary from one (type 3) to four (type 5). Although the total number of bands in B1 subgroup is close (4 to 6) variation in pattern shape is obvious.
Group C is presented by three types of patterns. Some bands described like 'dense' in type 2 and 3 are overlapped. The technical approach to avoid this fault is unsuccessful. Practically the picture of Cgroup could be improved both by stretching of protein spectra as result of prolonged time for electrophoresis or by reducing the amount of protein sample per slot. However in the both cases a better quality of C-group banding results to worse quality of A and B groups. In this instance the negative effect is shown by reduced density of both groups: LMB and MBB. Some of dense bands vary to light and week. On the other hand some minor bands (light and week) are lost. Because B1 illustrates the highest polymorphism of protein spectra we compromise to use overlapped C-bands in advantage to have a clear picture of A and B group of proteins. Group D consists of three bands presented in three types of banding. There is one dense band and two light bands with different mobility.
According to variation of protein patterns the examined tobacco varieties are described with different configuration of seed protein groups (Table) . Every one accession is characterized by unique complex of protein groups. There should be pointed that genotypes known as two genetically close variants of tobacco variety Djebel 576 are differing by protein spectra. The differences are presented by the configuration of three protein groups: A, B (B1) and C.
The results show that tobacco varieties appear to have low level of genetic variation in comparison with seed protein electrophoresis used for evaluation of cereals. However this method is an opportunity for more comprehensive evaluation of genetic variation at molecular level.
Conclusions
Alcohol soluble proteins of tobacco seeds could be described as a complex of four heterogeneous protein groups. The protein patterns can be repeatedly reproduced by acid PAG-electrophoresis. Although tobacco varieties appear to have comparatively low level of genetic diversity the separation of protein profiles in 14 % acid gels could be used to generate large number of polymorph markers in a short period of time. As a cheap and an easy method seed protein electrophoresis for identification of tobacco varieties may be used independently or in addition to other analyses.
